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Introduction
This study quantifies the effects of an educational system expansion on labour market outcomes and identifies the distribution of the returns to education, by exploring a natural experiment: a fifteen-year expansion of the higher education system in the Russian Federation. During 1990 During -2005 , the country, referred to here as Russia, saw a doubling in student intake capacities in universities and, associated with this, a doubling in the number of university graduates. This expansion, government-regulated to a large extent, provides a plausibly exogenous variation in access to higher education at the regional level, and thus allows identification of the returns to higher education in Russia. The gradual nature of this increase in educational opportunities makes it possible to estimate returns to education for individuals who were exposed to different degrees of higher education expansion and who successfully took advantage of that. Finally, the paper evaluates the influence of this expansion on labour market outcomes, namely on employment and wages.
Whether and to what extent additional education does increase an individual's wages and employment prospects, as well as generate a positive economic return for a country -these are important questions both in the literature and for policy-makers. Such an inquiry is especially relevant for those economies aiming to increase the educational level of their population. Numerous studies show that workers with higher educational levels have correspondingly higher wages. A current leading focus of the literature, however, is identification of a causal effect of education on labour market outcomes, such as employment and wages, and thus its separation from potential selection biases. This paper contributes primarily to the literature exploring changes in an educational system for the identification of the causal effects of education on labour market outcomes, in particular, on earnings.
1 Within this literature are two main directions of research: analysis of changes in compulsory schooling laws and of changes in access to education.
Using the first approach, researchers find a positive effect of compulsory schooling legislation on educational attainment and future wages. Yet the magnitude of this effect significantly varies among countries (see Angrist and Krueger (1991) for the United States, Oreopoulos (2006b) for the United Kingdom, Pischke and von Wachter (2008) for Germany, and Oreopoulos (2006a) for Canada). Because of the nature of compulsory schooling legislation, this approach allows identification of the effects of additional years of secondary schooling; these studies often use the total length of schooling as an educational variable, and thus assume a constant return to a year of schooling for different educational levels.
The second approach, analysis of the changes in access to education on educational attainment and labour market outcomes, encompasses studies focusing on the financial side of the educational system (tuition fees and financial-aid policies: Kane and Rouse (1993) , Card and Lemieux (2001b) , Arcidiacono (2005) ), on the physical access to educational institutions (distance to high schools and colleges, or their presence in the district: Card in tertiary education attainment of the population.
4 Figure 1 illustrates the expansion of the tertiary education system in Russia, in comparison to other countries. The lines show the proportion of students in tertiary education institutions relative to the size of the population (the number of tertiary students per 1,000 people).
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This expansion is characterized by three main features that allow reliance on it as an exogenous and non-anticipated change in educational opportunities for the population. First, near-universal secondary education in Russia by the beginning of these reforms led to a significantly larger demand for higher education than the existing capacities. Second, the reforms allowed for increases in student intake capacities in the higher education system, and thus affected only the supply side of the educational market. Therefore, student enrolment over this period was increased because of the weakening of the system's supply constraints. Finally, the yearly incremental increase in the number of university slots, and thus student intake, was regulated by the government through the licensing system. More details on these features are provided in the next section. This paper uses two approaches to identify the returns to education and the effects of the expansion of the higher education system on the labour market. First, using the instrumental variable (IV) technique and simultaneous equations models, the paper identifies the returns to education for youths who took advantage of this expansion. Thus, the gradual nature of the expansion allows for estimation of the returns to education for youths who benefited from these reforms at different stages of the expansion. The estimation results by this method are shown to be robust to various changes in the model specification. Second, the paper uses the recently developed non-parametric model with essential heterogeneity to identify marginal returns to education -the heterogeneous returns that vary with the level of unobserved individual characteristics. This estimation is based on the research of Carneiro et al. (2001) , Heckman et al. (2006) , and Heckman and Vytlacil (2007) , who develop the theoretical and empirical framework for the marginal treatment effects (MTE) estimations. The main advantage of using this model is that both the heterogeneity of the returns to education and the selection of individuals based on these heterogeneous returns can be accounted for.
These two approaches yield similar, though complementary, results. The study provides evidence of decreasing returns to education for youths who obtain higher education due to increasingly easy access to universities. However, these returns remain positive and large, associated with 30%-90% wage increases for a higher education degree. The marginal returns to higher education are found to decrease for lower levels of individual unobserved 4 See OECD (2013) for recent information on tertiary education attainment. 5 Tertiary education corresponds to categories 5A, 5B and 6 of the International Standard Classification of Education (ISCED) before its revisions in 2011 (ISCED (2006) ). Level 5A is defined as "tertiary programmes that are largely theoretically based and are intended to provide sufficient qualifications for gaining entry into advanced research programmes and professions with high skills requirements."Level 5B programs focus on "occupationally specific skills geared for entry into the labour market."Level 6 corresponds to "programmes which lead to the award of an advanced research qualification." characteristics, which positively influence higher education attainment. Overall, the results suggest that this expansion of the higher education system has significantly increased the wages of those who took advantage of its growing capacity. However, this increase is smaller than the returns to education for those who would have pursued higher education regardless.
The next two sections describe the institutional context of the Russian educational reforms and the data. Section 4 discusses the estimation results using the IV approach of the returns to education and provides several robustness checks. Section 5 analyzes the heterogeneity in the returns to education, using a non-parametric approach. Section 6 concludes. The Technical Appendix provides details on the estimation of the simultaneous equations models and the model with essential heterogeneity.
Institutional Context
This section describes in detail the educational system in Russia and the recent reforms on which this paper focuses. The Russian system, inherited from the Soviet period, consists of four levels: primary and general education (8 years at schools); secondary education (an additional 2 years at general or specialized schools); tertiary education (2-6 years at a post-secondary institution); and post-graduate education (3-6 years at universities with PhD programs). Tertiary education is in turn divided into two streams that are not consecutive levels. The first, corresponding to ISCED level 5B, is post-secondary technical or vocational education; it consists of 2-3 years of study at technical or specialized schools, such as military, medical or musical. The second type, corresponding to ISCED level 5A, is higher education; it requires 4-6 years of studies at universities after secondary education. This last educational level is the main focus of the current study.
During the Soviet period, the government completely regulated the educational sector. Education, both secondary and tertiary, was financed from the country's budget and was free for students (thus referred to here as state-subsidized education).
6 One of the main achievements of the educational policy during the Soviet period was a large expansion of secondary education: the share of the population 15 years and older without a secondary education degree decreased from almost 61% in 1959 to less than 20% in 1989.
7 As a result, the share of the Russian working-age population with at least a secondary level of 6 The development of education became a priority for the Russian government at the beginning of the twentieth century, and even now education is a high priority for the country. After the Revolution of 1917, the Russian government started major reforms in the educational sector in order to provide universal public education (Lukov (2005) ). The tuition fees in secondary and especially tertiary education were completely eliminated by 1954. The 1958 law introducing compulsory 8-year schooling determined some general principles of the connections between work and education, framing vocational schooling and prioritizing not only education for youths, but also for experienced workers going back to school.
7 Cited numbers are from the Russian census of 1959 and 1989. Universal secondary education was the main educational priority of the Soviet government from 1965 on. education increased to more than 90% and placed Russia among the countries with the highest level of secondary education attainment of population in the world.
8 Regarding tertiary education, the Soviet government determined the number of slots according to the economy's predicted needs for the following years. The number of slots in tertiary education was limited and fully state-subsidized. Aspiring students were admitted on a competitive basis and admission tests selected high-ability candidates. The growing access to secondary education increased the number of applicants for tertiary education programs, especially to universities.
With the beginning of the transition, in 1992, the Russian government passed the law "On Education,"marking the start of major changes in the tertiary education system. The most important amendment introduced tuition-based, in addition to state-subsidized, tertiary education. First, the government authorized the creation and operation of non-public (private) tertiary education institutions with the proviso that they be run as not-for-profit organizations, albeit providing educational services to the population on a full-tuition basis. Second, the government authorized public tertiary education institutions to admit students on a full-tuition basis in addition to the state-subsidized slots, which continue to be financed by the government. These changes on the supply side, along with a large and persistent demand for tertiary education (primarily due to universal secondary education and perceived positive returns to tertiary education), led to a major expansion of the tertiary education system in Russia. During the following decade, the number of slots in the tertiary education system more than doubled. Figures 2 and 3 show these changes.
The major increase happened in higher education, while vocational tertiary education kept the same levels. Figure 2 depicts changes in higher education, and Figure 3 those in vocational tertiary education. The number of public universities grew during the years 1990-2005 (up 27%), and private universities increased their share in the total number of higher education institutions from zero to 39%. However, in terms of the number of admitted students, the main increase happened in the full-tuition slots in public universities. Overall, admission to all universities increased by 181% during 1990-2005, among which 130% was because of the full-tuition slots in public universities. The increase in the number of admitted students led to a corresponding increase in the number of university graduates. The size of the youth cohorts grew slightly over the same period; however, the expansion of the higher education system was significantly greater (further details on this point are provided below).
Even though the expansion of the higher education system was driven by full-tuition education, Kyui (2011) shows that youths with all family backgrounds (with better-or lower-educated parents, as well as from high-or low-income families) benefited from these reforms in terms of educational attainment. Certainly, the expansion of the higher educa-tion system is limited by the demand for higher education; in other words, by the number of youths willing to enter the higher education institutions. Until recent years, admission selection processes were locally organized by educational institutions, which is why the information is available on the ratios of students applying to those admitted.
9 As shown in Figure 4 , there are more applicants than admitted students, especially for prestigious majors such as economics and law. These summary statistics provide evidence that the demand during this expansion still exceeded the student intake capacities, and, therefore, student enrolment over this period increased because of and in keeping with the weakening of the system's capacity constraints.
This increase in student intake capacities of the higher education system, as well as its gradual nature and regional variation, was to a large extent regulated by the government. This is the main reason why this expansion can be considered as an exogenous and non-anticipated change in educational opportunities for the population. In particular, the government regulates the size and quality of higher education through licensing and accreditation of educational establishments. In order to perform an educational activity, all educational institutions, both public and private, must obtain a licence. Licensing decisions are based on full information about an establishment's educational programs and available resources: buildings, faculty, and other educational and non-educational facilities. The licences strictly determine the maximum number of students allowed to be enrolled. It is possible for educational establishments to change the parameters of their licences and thus to increase the number of students allowed for admission, yet they must obtain authorization in advance, and thus prove their financial, physical and human resources. Such implementing of the reforms suggests that the government to a large extent regulates the yearly incremental increase in the student intake capacities, and thus the gradual expansion of the higher education system at the regional level. Figure 5 illustrates the expansion of the higher education system within seven Russian federal districts. The first graph shows the number of admitted students for the first year of studies. The second illustrates the size of the cohort of 17-year-old youths in the corresponding years. The third graph depicts the proportions of the admitted students to the cohorts.
10 These data suggest that, historically, there are regions with greater and lesser access to higher education. Particularly, the Central federal district (which includes Moscow) is historically the region with the highest access. Even adjusting for the size of 9 Admission tests aimed at selecting the best students among applicants. The laws "About Education" (1992) and "About Higher and Post-Graduate Education" (1996) state that admission must be guaranteed for better-performing students. Students can apply to several institutions, but since they must pass admission exams in each institution separately, their choices are limited by their time, health and skills constraints. Students can also apply to both state-subsidized and full-tuition slots, though some institutions may restrict the choice in terms of majors and types of programs. There are no unified rules for this matter among educational institutions. Recently, the unified secondary education graduation exam was introduced, which replaces the admission exams in the selection processes of tertiary education. However, these last years are not included in the current analysis.
10 These shares are adjusted by the proportion of the current-year secondary school graduates among the first-year admitted students. the population, these differences in the capacity of the higher education system are still important among regions, and thus the expansion of higher education varied among regions. The regions with the highest number of slots in the higher education system have kept their leadership positions. Therefore, the varying educational resources in the regions at the beginning of transition, along with governmental control over licensing, are a main explanation of these regional differences in the trajectories of expansion. Overall, these factors strongly suggest that the yearly changes in access to higher education within regions were plausibly exogenous and non-anticipated for youths and their families.
Data Description
Data are taken from the Russian Longitudinal Monitoring Survey (RLMS), a series of nationally representative surveys designed to monitor the effects of Russian reforms on the health and economic welfare of households and individuals in the Russian Federation. The RLMS data are described in Swafford et al. (1999a,b) .
The samples of 24-to 47-year-olds, interviewed in the years [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] , are used as the repeated cross-sections for this analysis. Those observed were making decisions about tertiary education attainment when they were 17 years old, in 1970-2001, thus before and during the expansion of tertiary education in Russia.
11 Overall, there are 41,585 observations; among them, 10,288 are unemployed and 31,297 are employed. However, among the employed population the wages are observed only in 91.5% of cases. Thus, the final sample used for the analysis consists of 28,622 employed and 10,288 unemployed people.
To describe individuals' educational attainment, the dummy variable Higher Education Degree Attainment is used, which takes a value of 1 if a person has a higher education degree, and 0 otherwise. In the sample, 23.26% of the whole population and 25.87% of the working population with observed wages have higher education degrees (Table 1) . Moreover, the continuous variable representing the total number of years of education (Years of Education) is used to test the robustness of the results to the model's specification (see section 4.4 for details). An individual who self-identifies as having a job is considered to be employed. The individual's average monthly income from working activity is used as a measure of wages.
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Wages are adjusted for inflation by the consumer price index. In order to account for the regional differences in prices, and to make regional wages comparable, wages are additionally corrected by the regional price of a standard product set. The exposure of an individual to the expansion of the higher education system is identified by the year when the individual turned 17 years old (thus graduating from secondary school and deciding on further tertiary education) and by the federal district of residency. Along with the control for year and federal district fixed effects, the changes in the capacity of the higher education system provide a plausibly exogenous variation in access to higher education.
Returns to Education: Local Average Treatment Effects
This section discusses the identification and estimation of the returns to higher education and the effects of the educational system expansion on employment and wages. Variation in the opportunities of obtaining higher education (i.e., variation in the number of available slots in universities) is used as the instrument for higher education attainment. First, the section describes the explanatory power of this instrument. Second, it shows the estimation results for the returns to education in terms of employment and wages. Finally, several robustness checks are described. Section 5 discusses the estimation of heterogeneity in the returns to education. Table 2 reports the results for the "first-stage" equation: the influence of the changes in the educational system (increasing number of slots) on higher education attainment.
Instrument choice and characteristics
Four specifications of the first stage are tested (Table 2) , using the following variables to determine the expansion of the higher education system:
(1) The number of slots in the higher education system at the federal district levels (" of HE slots, by districts"). (2) The number of slots in the higher education system at the national level (" of HE slots, in RF "). (3) The proportion of slots in the higher education system relative to the corresponding cohort of youths at the federal district levels ("Proportion of HE slots, by districts"). (4) The proportion of slots in the higher education system relative to the corresponding cohort of youths at the national level ("Proportion of HE slots, in RF ").
All the specifications control for the corresponding size of the cohort of 17-year-old youths (at the federal district level and at the national level, respectively). The estimation results based both on the whole population and on only the employed population are listed. Statistics for the test on exclusion of the instruments from the first-stage equation suggest that the variables describing the number of slots have a higher explanatory power than those describing the ratio of the number of slots to the size of the corresponding youth cohorts. Moreover, the variables at federal district levels have a higher explanatory power than those at the Russian level. This result was expected, and it is due both to the additional variation in the size of the higher education system and to the different patterns of its expansion among regions. Therefore, for further estimations, the number of slots in the higher education at federal district levels is used as the instrument for the higher education degree attainment (with a control for the size of 17-year-old cohorts at the federal district level). This variable passes the instrument-weakness test (see also section 4.4 for details using the continuous variable to describe educational attainment).
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The main potential problem with this instrument is the fact that it is perfectly correlated with region-cohort effects, which means that there are no variations of the instrument within a group of people born in one year and living in the same federal district. Therefore, it is necessary to assume that if there were any unobserved changes affecting wages, they were not correlated with the tertiary education system expansion within the regions over time. In order to account for that, several steps are performed. First, all the specifications control for the year and region fixed effects, thus capturing the unobserved variations of other characteristics by regions and over the analyzed period. However, it is still necessary to assume that there were no changes, affecting wages and correlating with the educational system expansion within regions, other than those captured by the fixed effects for years and federal districts. Therefore, additional controls for the cohort year-of-birth fixed effects and region-specific linear cohort trends are included when performing robustness checks. Table 3 summarizes the reduced-form estimation results for the wage and employment equations (by ordinary least squares (OLS) and probit, respectively). Column 1 presents the regression of wages (in logarithms) on higher education attainment, column 2 shows the regression of wages on higher education attainment and the instrument (number of slots in higher education at the regional level), and column 3 lists the regression only on the instrument (a reduced-form estimation of the influence of higher education expansion on wages). Columns 4-6 show similar results for the employment equation. First, higher education attainment significantly affects employment and wages (columns 1 and 4); however, such a reduced-form estimation procedure does not account for the potential selection bias. Second, these estimation results suggest significant positive effects of the expansion of the higher education system on both employment and wages (columns 3 and 6). At the same time, its influence becomes insignificant and much lower in magnitude once the variable for higher education attainment is included (see columns 2 and 5). Therefore, the influence of the higher education expansion on employment and wages occurs mainly through the changes in educational attainment, and does not seem to have a direct influence on the future employment and wages of the corresponding cohorts. In the robustness check, the potential equilibrium effects of the higher education expansion on wages are also tested and discussed (see section 4.4 for more details); here, the main focus is on the individual returns to education. Notes: *** p <0.01, ** p <0.05, * p <0.1. Robust standard errors in parentheses (clustered at year·district levels).
Controls: year and federal district fixed effects, gender (male), age, age 2 , age·male, age 2 ·male, size of 17-year-old cohorts by districts, regional unemployment rates for the employment equation.
Sources: RLMS, 2000-2008, author's calculations. The wage equation is estimated for the employed population using the OLS method, and the employment equation is estimated for the whole population using the probit model.
Observations: 28,622 (employed population) and 38,910 (whole population).
Returns to education: wages
The joint model of higher education degree attainment and wages is estimated using the maximum likelihood method; the estimation procedure is described in section 1 of the Technical Appendix. The above-mentioned expansion of the higher education system at Russian regional levels is used as the instrument for higher education degree attainment. This simultaneous equations model allows for control of the endogeneity of educational attainment, and thus of the self-selection of individuals into higher education. Table 4 lists the estimation results.
Estimated returns to education, using this joint model of higher education degree attainment and wages, are higher than those obtained by OLS (Table 3 ). Returns to a complete higher education degree are estimated at the level of 76%. The correlation between unobserved terms in educational attainment and the wage equation is estimated to be negative and significant. IV estimations of the returns to education report an increase in wages for those who obtained an education degree because of the instrument variation and who would not otherwise have received it (Angrist et al. (1996) ). Therefore, the estimated returns to education represent the local average treatment effect: returns to education for those who have obtained a higher education degree because of the growing access to universities. The results suggest that individuals who benefited from the expansion of the higher education system in terms of educational attainment have also gained in terms of wages. 
Returns to education: employment and wages
In the previous section, the wages of the employed population were analyzed. However, education also influences employment probability, and selection into employment is not random. In this section, the empirical model accounts for both endogeneity of educational attainment and self-selection into employment. Therefore, the influence of education on employment and wages is estimated.
The joint three-equations model of educational choice, employment and wages is estimated. Estimations are conducted by the maximum likelihood method; the procedure is described in section 2 of the Technical Appendix. Regional unemployment rates are used as the exclusion restriction for the employment equation. Such a specification allows for correlations between unobservable components of these three equations. Table 5 lists the estimation results for the returns to education, taking into account the selection into employment. These results suggest that higher education significantly increases the probability of being employed, as well as wages. Moreover, correction for the selection into employment does not significantly change the estimated wage returns to education. The correlations between unobservable terms in education, employment and wage equations are all negative and statistically significant. This fact suggests that those with an increased probability of higher education attainment would have lower wages and a lower employment probability if they were to obtain a lower educational degree, compared to the less-educated workers. By taking into account the correlations of random terms, the model therefore controls for the self-selection of workers into education, based on their unobservable characteristics, which also affect further employment probability and wages. 
Robustness check
This section describes four robustness checks performed.
First, the estimation results are tested for sensitivity to the choice of variable characterizing educational attainment. The main estimations, described above, use a binary variable for a higher education degree. This choice is motivated by the fact that the educational reforms affected entry to higher education, and thus attainment of a higher education degree. In the first robustness check, the estimations are conducted using the continuous variable for the number of years of education. The results provide similar estimations to those obtained in the previous section.
Second, the following two robustness checks seek to verify whether the inseparability of the instrument variation (the number of slots in the higher education system at the regional level) from the within-region changes over time could potentially bias the results reported in the previous section. In order to account for this potential problem, additional dummy variables for the years of birth (i.e., cohort fixed effects) are included in all equations (educational choice, employment and wages). Moreover, district-specific linear cohort time trends are also included to control for unobserved changes within regions over time.
The estimation results are robust to these tests. Third, the interaction terms of the instrument with other individual characteristics are included in the first equation for educational attainment, particularly in interactions with gender and parental educational background (concurrently, the gender and parental education variables are also included in all other equations).
The fourth and final robustness test aims to evaluate the importance in the labour market of possible equilibrium effects of the expansion of the higher education system. For instance, an increasing supply of new university graduates could have an effect on all other university degree holders in the labour market, namely, a potential decrease in their wages. Certainly, the cohorts' effects on equilibrium of the labour market are accounted for by introducing the year-of-birth dummy variables in the second robustness test. Additionally, changes in the returns to education are evaluated during the analyzed period.
Continuous educational variable
This section reports the estimation results, using a continuous variable for the number of years of education instead of a binary variable for higher education degree attainment. In particular, the variable Years of Education describes the number of years of schooling and ranges from 9 to 15 years. Higher education degree attainment corresponds to 15 years of total schooling; 13 and 14 years of schooling correspond to complete/incomplete vocational education or to incomplete higher education; and 10 years of schooling correspond to secondary school completion. Table 6 lists the estimation results for the educational attainment equation and thus the effect of the expansion of the higher education system on the number of years of education. The instrumental variable for educational attainment stays the same -the number of slots in the higher education system at the regional level; as previously, the variables for the size of the corresponding 17-year-old cohorts at the regional levels are included in all estimations. This instrumental variable shows a positive and significant effect on the total years of schooling. F-statistics for the exclusion of the instrument from the educational attainment equation suggest that the instrument is not weak. The reduced-form estimation results for the wage and employment equations are listed in Table 7 , with conclusions similar to those using the binary variable for higher education degree attainment. The number of slots in higher education significantly affects both the wages and employment of the corresponding cohorts (columns 3 and 6). However, these effects disappear once the education variable is included, suggesting that the higher education expansion affects both wages and employment, not directly, but rather through educational attainment (columns 2 and 5). Table 8 lists the estimation results for the returns to education, using the number of higher education slots at the regional level as the instrument. The first section (IV) reports the estimation results using the instrumental variable two-stage least-squares (2SLS) approach. The second section (MLE) reports the estimation results using the maximum likelihood methods and thus assuming the joint normal distribution of random terms.
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The estimation results using 2SLS and MLE are similar, suggesting that the additional assumption about joint normal distribution of random terms does not significantly affect the results. As with the main estimation results, the returns to education are estimated to be higher than those without controlling for the selection into education. Table 9 lists the estimation results for the joint model of educational attainment (number of years of education), employment and wages.
15 Overall, the estimated returns to education, in terms of employment and wages, are found to be of the same magnitude as in the main estimations (note that higher education degree attainment corresponds to five years of studies). Therefore, the estimation results are robust to the form of the variable describing educational attainment. 
Cohort effects and regional time trends
As mentioned above, the instrument, the number of slots in the higher education system at the regional level, is inseparable from the region-cohort characteristics. Therefore, if any changes within regions were correlated with the expansion of the higher education system and were subsequently affecting labour market outcomes, the estimated returns to education could be biased. Even though the estimations described above suggest no direct effect of the system expansion on wages and employment beyond through educational attainment, this section tries to address the concern about other region·cohort changes that may affect labour market outcomes.
Different cohorts of youths come to the labour market at different times (even at regional levels), and thus may experience different conditions during their first period in the market, potentially significantly affecting wages and employment prospects later. It is difficult to account for all labour market conditions that could affect wages and that are correlated with the number of slots in the higher education system; similarly, there are no measures of individual ability available in the database. The variables describing unemployment, GDP growth and other macro characteristics cannot account completely for all labour market conditions at the moment of entry. If these effects of the entry time for individuals are correlated with the number of slots in the higher education system in the year the individuals turned 17, the returns to education will be over-or underestimated. Moreover, changes in the supply of university graduates in a particular year may affect the wages of other workers in the labour market (Katz and Murphy (1992) , Card and Lemieux (2001a) ). In order to account for these problems, additional dummy variables for the years of birth are included in all equations (educational choice, employment and wages) -30 dummy variables for cohort birth years 1954-1984. Moreover, district-specific linear cohort time trends are also included to account for unobserved changes within regions over time.
The year-of-birth fixed effects (cohort fixed effects) and district-specific linear cohort trends (according to the seven Russian federal districts) are included in all equations for educational choice, employment and wages. The estimation results for the two-equations model (educational choice and wages) are reported in Table 10 , and for the three-equations model (educational choice, employment and wages) in Table 11 . The first specification in both tables includes only cohort fixed effects, while the second specification includes both cohort fixed effects and district-specific linear cohort trends. Therefore, such a specification accounts for the unobserved linear time changes within regions concurrent with the expansion of the higher education system (for example, changes in the labour market), as well as for the difference between different cohorts of youths. The estimation results of the returns to education with the control for the year-of-birth fixed effects and district-specific linear cohort trends are similar to the main estimation results, which suggests the robustness of the estimated results. 
Introducing interactions with other characteristics
This section reports the estimation results, introducing additional interaction terms of the instrumental variable with other individual characteristics. In particular, the analysis is focused on the interactions with gender and parental educational background. First, such specifications differentiate the effects of the expansion of the higher education system on female and male students, as well as on students with different family backgrounds. Second, it allows for exploration of the within-region cohort variation of the instrument's effects. The increasing number of slots in the higher education system had a slightly different affect on the male and female populations, as well as on students with different parental educational background; evidence of these heterogeneous influences is analyzed in Kyui (2011) . Finally, taking into account the heterogeneous influence of the expansion on educational attainment also increases the explanatory power of the first equation in the models (equation for educational choice). Table 12 lists the estimation results using the interaction of the instrumental variable with gender; a dummy variable for males is also included in all the equations. Column 1 corresponds to the two-equations model (educational attainment and wages); column 2 lists the results for the three-equations model (educational attainment, employment and wages). The number of slots has a greater influence on female educational attainment. The estimated returns to education are of the same magnitude as in the baseline estimations. Tables 13 and 14 show the estimation results using the interaction of the instrumental variable with the parents' educational background. The parents' education is described by one dummy variable, which takes a value of 1 if at least one of the parents has a higher education degree. The information about parental education is available only for the year 2006; both models are thus estimated only for this period. The control variables in all equations include the parental education variable (this variable is thus not used as the instrument, but only as the control), the full set of the cohort year-of-birth dummy variables (which also allow for control of the effect of age in the most flexible way) and the size of the corresponding 17-year-old cohorts at the regional level. Table 13 lists the estimation results for the two-equations model (educational attainment and wages). Column 1 describes the results from the estimation in a similar setting as in the baseline model, but using data only from 2006. The estimated coefficient for the returns to education is of a similar magnitude as that using 2000-2008 data. Columns 2 and 3 include the control variable for the parents' education in both equations, while column 3 also includes the interaction term of the expansion of the higher education system with parental educational background in the first equation. The expansion of the higher education system affected to a slightly greater extent youths with highly educated parents. Moreover, controlling for the parental education in both educational attainment and wage equations decreases the estimated returns to education by approximately fifteen percentage points. Table 14 lists the estimated results for the three-equations model (educational attainment, employment and wages). The results for the wage returns to education are similar to the two-equations model and smaller than in the baseline estimations; the estimated returns to a higher education degree, however, are smaller than in the main estimations.
Overall, these sensitivity tests suggest that the estimated returns to a higher education degree are robust, but accounting for the parents' education slightly reduces these returns. 
Changes in the returns to education over time
This section examines the overall equilibrium effects of the tertiary education expansion on wages for all workers (those for whom the access to higher education was both affected and unaffected by the reforms). Some studies argue that the variations in the returns to education significantly depend on the variations in the supply of university graduates, among them Katz and Murphy (1992) , and Card and Lemieux (2001a) . Increasing the supply of university graduates decreases their wages in the labour market equilibrium, except in the two following cases: (1) a perfectly elastic demand for higher education graduates in the labour market; (2) an increasing demand for higher education graduates over the same period of time. The following empirical models control for the changes in returns to education, both in terms of employment and wages, over the analyzed period of 2000-2008. Table 15 lists the estimation results for the wage and employment equations, controlling for the time-varying returns to education and overall time-trends in both wages and employment. Models 1 and 3, for wages and employment, respectively, include a linear trend in the returns to education -HE* · Time-trend. Models 2 and 4, for wages and employment, include the interaction variables of a higher education degree attainment and years -HE* · 200∼*. Correspondingly, control variables include linear time-changes in wages for all workers and year fixed effects. The estimated coefficients for the time variation in the returns to education are not statistically significant for either the wage or employment equation. These coefficients are low in magnitude and any tendencies for negative or positive changes in the wage returns to education are not revealed in the analysis. However, there is a positive linear trend in wages for all workers over the analyzed period of time -an increase of approximately 13% yearly. Similarly, there are no statistically significant changes in the influence of higher education on employment probability during the analyzed period.
Therefore, the estimation results do not reveal the overall equilibrium changes of the returns to education during the analyzed period. On average, wages grew from 2000 to 2008 for workers both with and without a higher education degree, though returns to education remained stable. These results suggest that the effects of the growing supply of university graduates on wages were compensated by the growing demand for highly qualified workers. 
Heterogeneous Returns to Higher Education
This section explores the heterogeneity in the returns to higher education, by allowing them to vary with both observable and unobservable individual characteristics that affect the decision to pursue higher education. This is done by estimating the marginal returns to education and using the model with essential heterogeneity.
The previous sections refer to the framework of instrumental variables. IV provides an estimation of the local average treatment effect -the returns to higher education for those who switched to higher education because of the changes in the instrument (in this study's case, the growing opportunities in access to higher education), who would not otherwise have pursued higher education. However, the local average treatment effect does not necessarily correspond to the average treatment effect in the population, in other words, to the average returns to education in the population (the average treatment effect is usually the main parameter of interest in the treatment evaluation). Thus, Heckman (1997) , , and Carneiro et al. (2001) show that, in the presence of heterogeneity in the returns to education and selection on the gains (namely, students taking into account their heterogeneous returns while choosing their educational attainment), OLS and IV are not consistent estimators of the mean returns to education in the population. It is possible to identify, under certain assumptions, the heterogeneous returns to education with the marginal treatment effects (MTE) estimation via the method of local instrumental variables (LIV). The MTE for the returns to education estimation is the average return to schooling for individuals who are indifferent to accessing education at varying levels of unobservable characteristics, which influence this educational choice along with other observable characteristics that can be accounted for. The concept of MTE was first introduced by Bjorklund and Moffitt (1987) . Carneiro et al. (2001) , Heckman et al. (2006) , and Heckman and Vytlacil (2007) develop the theoretical framework of MTE estimation for the returns to schooling; derive the identification of the average treatment effect (ATE), treatment on the treated (TT), and treatment on the untreated (TUT); and also provide the empirical applications of these methods for U.S. data. Heckman and Li (2003) and Wang et al. (2007) apply these methods to the estimation of the returns to education in China.
Returns to education: model with essential heterogeneity
The educational choice, obtaining a higher education degree, is expressed by the variable S i , which takes a value of 1 for those with high education, and 0 otherwise. The returns to education θ i vary in the population:
In the literature, such a model is referred to as "random coefficient" or "heterogeneous treatment effect" models (Heckman et al. (2006) ). There are two potential wage outcomes (for workers with and without higher education):
Such a specification assumes that the influence of other observable characteristics may vary according to the educational level obtained (β 0 = β 1 ). For example, this assumption allows for consideration of different returns to education for male and female populations. Additionally, U 1,i and U 0,i are random shocks for wage equations, where E(U 1,i |X i ) = 0 and E(U 0,i |X i ) = 0. These random shocks also vary with educational levels. The educational-choice equation is defined as
Here, S * i is a latent variable representing the utility of an individual i for obtaining a higher education degree. This utility is determined by observed and unobserved characteristics: Z i and V i , correspondingly. Thus, V i is the unobserved heterogeneity of individual i in the educational-choice equation. The higher the value of the unobserved parameter V i , the less likely an individual i would be to obtain a higher education degree. U 1,i , U 0,i and V i are correlated. This model does not require specification of their correlation or their joint distribution.
Observed wages thus could be expressed as
Therefore, returns to a higher education degree are expressed as
where (β 1 − β 0 ) · X i represents the returns to education varying with the observable characteristics X i , and (U 1,i − U 0,i ) stands for the variation in returns to education based on unobservable characteristics.
If the wage equation (4) is estimated by OLS with heterogeneous returns to education based on observable characteristics, then the estimatorθ OLS is obtained:
or:
Therefore, the bias of the OLS estimator in estimating the AT E can be decomposed into two components: sorting on the gains effect (SGE) and selection bias (SB).
The selection bias SB 1→0,i = E(U 0,i |S i = 1) − E(U 0,i |S i = 0) describes the fact that unobservable factors, which influence the decision to obtain a higher education degree, affect wages. It shows the difference in wages between those who obtain higher education and those who do not in the case where neither of the two would have earned a higher education degree.
Sorting on the gains effect SGE U 1,i = E(U 1,i − U 0,i |S i = 1) represents the mean gain in unobservable components of the wage equation for people who choose a higher education degree S i = 1. The non-zero value of the sorting on the gains effect means that individuals self-select for higher education based on their wage returns to unobservable characteristics in the case of either obtaining, or not obtaining, a higher education degree. The positive sign for the SGE U 1,i means that individuals with a degree have unobservable characteristics, which will be better paid if they obtain this level of education.
Similarly, sorting on the gains effect causes a bias in the IV estimation of the AT E (using I i as the instrument, which is correlated to the V i but is not correlated to the
Consequently, the IV estimator would be equal to the ATE (thus LATE = ATE) only if either (1) U 1,i − U 0,i = 0, indicating no heterogeneity in the returns to education, or (2) U 1,i − U 0,i is independent of S i , meaning no sorting on gains. In the absence of essential heterogeneity (i.e., in cases of people not sorting themselves based on the gains on unobservables), the IV is a consistent estimator of the ATE. However, in the presence of sorting on the gains, IV may overestimate the ATE by putting more weight on the returns for treated individuals (Heckman (1997) ).
In the frame of the model with essential heterogeneity, the effects of treatment on the treated (TT) and the effects of treatment on the untreated (TUT) can be written as follows:
where SGE U 1,i is the sorting on the gains effect for those who obtain a higher education degree, and SGE U 0,i represents the sorting on the gains effect for those who do not (the latter representing their returns to unobservable characteristics if they would have obtained a degree).
The average effects in the population, therefore, could be written as 16 :
The MTE estimation is used in order to calculate all these parameters properly:
where, U S,i is the uniform transformation of the random term of the educational equation
. Therefore, the educational-choice equation (3) can be rewritten as follows:
The MTE measures the returns to education (average treatment effect) at the points u s of marginal changes in U S (in other words, at the points of marginal changes of V , the unobservable component in the educational-choice equation). Since these are measured at the points of P (Z i ) = p = u s , at these values of the unobservable component in the educational-choice equation, individuals are indifferent about seeking a higher education degree. Therefore, the MTE is the marginal willingness to pay for the lnW 1,i versus lnW 0,i , given the observed characteristics X i and the level of unobserved characteristics U S,i = u s . The small values of u s (close to 0) mean that the small values of V (large values of −V ) are therefore associated with people who are more likely to obtain a higher education degree, given their unobservable characteristics. Correspondingly, MTE measured for large values of u s (close to 1) shows the returns to education for people less likely to obtain higher education, based on their unobservable characteristics. Heckman and Vytlacil (1999) , Heckman et al. (2006) , and Heckman and Vytlacil (2007) show that ATE, TT and TUT could be determined as the weighted averages of MTE, according to the formulas (25), described in section 3 of the Technical Appendix. The weights 16 Note that in considering the population effects, the effect of the sorting on gains can be based on the observable characteristics if E(X|S = 1) = E(X|S = 0) = E(X), in other words, if people sort themselves based on the observable characteristics. For example, if female workers have higher returns to education, they may seek higher education more often than male workers. Therefore, the sorting on the gains effects for the population is written as
are constructed such that, for the TT effect, the individuals who have higher probabilities of being treated given u s (to obtain a higher education degree) contribute with larger weights, while for the TUT effects, the higher weights are given for the individuals with lower probabilities of being treated.
The estimation procedure is described in section 3 of the Technical Appendix.
Estimation results
The method of the MTE estimation relies on the full support of predicted propensity scores (predicted probabilities of a higher education degree attainment for those who have it and for those who do not). One of the major predictors of tertiary education attainment is the educational background of parents. In the data, information on parents' educational background is observed only for the year 2006. If the probability of obtaining a higher education degree is estimated without information on parents' educational background for the years 2000-2008, the propensity scores are obtained, being in the interval of {0.05; 0.4-0.5}. If the variables describing parents' educational background are added as a predictor of higher education attainment, the estimated propensity scores cover almost all support from 0 to 1 (more precisely, {0.08; 0.8}). For that reason, this section conducts estimations only for the employed individuals observed in 2006: 24-52 years old (4,491 observations).
First, the educational-choice equation is estimated as a probit model. The explanatory variables include parents' educational background, the number of slots in the higher education system in a year when an individual was 17 years old at the regional level and its interactions with parents' educational background, size of 17-year-old cohorts by federal districts, age and age 2 , and federal district fixed effects. Table 16 shows the estimated coefficients of the educational-choice equation. Predicted propensity scores are shown in Figure 6 . Further, marginal returns to education are estimated, and ATE, TT and TUT are calculated, according to the procedure described in section 3 of the Technical Appendix. Figure 7 shows the estimated marginal returns to education as a function of unobserved characteristics u s , which affect higher education attainment. The marginal returns to education are shown separately for the male and female population. The estimation results suggest declining returns to higher education for individuals with higher levels of unobserved characteristics, which decrease the probability of higher education attainment. Table 17 lists the estimation results for ATE, TT and TUT. Table 18 shows the decomposition of these treatment effects, according to formulas (26), (27), (28), on the contributions of the returns to observed (females versus males) and unobserved characteristics. 
The sorting on the gains effects can be calculated for those who do and do not obtain a higher education degree:
Positive sorting on the gains effect is observed, both for those who access higher education and for those who do not, and both based on observable and unobservable characteristics. For those who pursue higher education, their unobservable characteristics would have higher returns in the case when they have a degree relative to when they do not (SGE U 1 = 0.038>0). Those who do not pursue higher education would have lower returns to their unobservable characteristics if they obtained a degree (SGE U 0 = -0.040<0). These facts correspond to the declining pattern of the marginal returns to higher education, based on the male population. Similarly, female workers have higher returns to education and are more likely to attain a higher education degree (SGE 1 -SGE U 1 = 0.074-0.038 = 0.036>0). This sorting on the gains determines the differences between the TT, ATE and TUT effects.
Selection effects take the following value:
A negative selection effect can be observed for those who pursue higher education. Those who have a higher education degree would have lower wage returns to their unobservable characteristics if they did not have a higher education degree, in comparison to those who do not currently have a degree. If education was provided to everybody, the difference in wages between those who attain it now and those who do not would be lower in absolute value than if higher education were forbidden for all (0.140 versus 0.217).
Overall, the estimated average returns to education in the population are similar to that obtained by IV, thus similar to the local average treatment effect of attainment of a higher education degree. This fact is due to the low magnitude of the sorting on the gains effect, which constitutes the bias of the IV estimator for the average returns to education, or in other words, which accounts for the difference between the local average treatment effect and the average treatment effect of a higher education degree. Returns to a higher education degree decrease with the unobservable characteristics, which reduce the probability of obtaining higher education (as shown by the estimation of the marginal returns to education). Those who increase their educational attainment alongside the increasing access to higher education likely have higher values of unobservable characteristics, which decrease the probability of higher education attainment, than those who attain it when access to higher education is tighter. Those who increasingly pursue higher education when access to higher education becomes greater would thus have lower returns to education. This observed pattern of declining returns to higher education in the population could have several explanations. First, within the theoretical framework of education "enhancing productivity," the returns to higher education could be lower for people with lower ability levels. Expansion of the higher education system in Russia provided an opportunity to increase educational attainment for a portion of the population. Since selection to universities was competitive, based on individual abilities, the periods with greater access to higher education are thus characterized by a lower average level of ability of university entrants. Second, within the framework of the "signalling" theory, when education is considered as a "signal of ability," the labour market would reward higher education with a lower payoff when the signal of ability is less precise. When a larger cohort of higher education graduates comes to the labour market, the signal of ability is more vague compared with that of periods of stricter access to higher education. Thus, the expansion of the higher education system makes people both with and without higher education degrees worse in terms of the average level of ability. Therefore, the signal of ability through educational attainment becomes more fuzzy, and the labour market could lower the returns to higher education for that reason. Finally, the expansion of higher education could have occurred to a different extent for high-quality and low-quality universities, as well as within different majors. Such a changing composition within the educational system could impact the returns to education.
17 However, the current study analyzes neither the changes in the average quality of educational institutions and the resulting influence on the returns to education, nor the changing composition of majors among graduates. Instead, this study focuses on the average returns to a higher education degree, averaged by major and university quality. Nevertheless, analysis of the effects of changing educational quality and the composition of major could be a promising direction for further research.
Conclusion
This paper analyzes the effects of a 15-year expansion of the Russian Federation educational system on labour market outcomes. It identifies the returns to education for the population and quantifies the effects of this expansion on employment and wages.
The study reports evidence of significant returns to higher education in terms of both employment and wages. However, these returns are slightly smaller when controlling for parents' educational background. No significant equilibrium effects of this expansion on wages are revealed. The estimation results of the marginal returns to education suggest declining returns to education in the population, based on unobservable characteristics negatively affecting higher education attainment. This study determines a light positive sorting on the gains, meaning that youths self-select to universities based on their expected returns to education. However, this sorting is low in magnitude, and thus similar estimation results are obtained for the returns to education using the IV and MTE methods.
Expansion of the higher education system in Russia during 1990-2005 therefore had positive effects on wages for those who increased their educational attainment. However, their returns to education were lower than those of youths who obtained a higher education degree during the periods of tougher access to universities.
The large expansion of the higher education system in Russia provides an exogenous variation in access to higher education, significantly increasing university enrolment. This study estimates the effects of such expansion specifically on labour market outcomes. However, this natural experiment could potentially be used to analyze the influence of education on other life outcomes: occupational choices, work-life balance, marriages (including a partner's "quality"), childbearing decisions (number and timing of births, time dedicated to children's education), educational outcomes of children of the next generation, health attitudes, risky behaviour, etc. These questions are potential topics for future research, for which the transition reforms in the Russian Federation could serve as an identification strategy for the parameters determining the importance of education. 
95% CI, Males
Note: confidence intervals are calculated by bootstrap with 1,000 iterations.
l Ed i =1 (θ, X i ) = P (X ed,i β ed + ε 1,i 0; W i = X w,i β w + ε 2,i ) = = f (W i ) · P (X ed,i β ed + ε 1,i 0|W i = X w,i β w + ε 2,i ) = = 1 σ ε 2 φ W i − X w,i β w σ ε 2 · (1 − P (ε 1,i < −X ed,i β ed |W i = X w,i β w + ε 2,i )) = = 1 σ ε 2 φ W i − X w,i β w σ and l Ed i =0 (θ, X i ) = P (X ed,i β ed + ε 1,i < 0; W i = X w,i β w + ε 2,i ) = = f (W i ) · P (X ed,i β ed + ε 1,i < 0|W i = X w,i β w + ε 2,i ) = = 1 σ ε 2 φ W i − X w,i β w σ ε 2 · P (ε 1,i < −X ed,i β ed |W i = X w,i β w + ε 2,i ) =
where φ() is a standard normal probability density function, and Φ() is a cumulative distribution function of a standard normal distribution.
Educational Choice, Employment and Wages Higher Education Degree Attainment, Employment and Wages
This section describes the empirical model, which jointly estimates educational choice (higher education degree attainment -Ed i ), employment (Empl i ), and wages (W i ), where wages are observed only for the employed population: 
; σ ε 1 ε 2 ; σ ε 1 ε 3 ; σ ε 2 ε 3 }. Note X i = {X ed,i ; X em,i ; X w,i } -the set of all variables, which are used in the model. Note also that Ed i is included in X em,i and X w,i , and a constant is included in all X ed,i , X em,i and X w,i .
This model is the case of three simultaneous equations with correlated random terms: probit, probit, and linear equations.
The likelihood function for this model can be written as follows:
The parts of the likelihood function for the unemployed population can be expressed as
For unemployed people without a higher education degree:
l Ed i =0,Empl i =0 (θ, X i ) = P (ε 1 < −X ed,i β ed ; ε 2 < −X em,i β em ) = = Φ 2 (−X ed,i β ed ; −X em,i β em ; ρ ε 1 ε 2 ).
For unemployed people with a higher education degree:
l Ed i =1,Empl i =0 (θ, X i ) = P (−ε 1 X ed,i β ed ; ε 2 < −X em,i β em ) = = Φ 2 (X ed,i β ed ; −X em,i β em ; −ρ ε 1 ε 2 ).
Further, the parts of the likelihood function for the employed population can be expressed as For employed people without a higher education degree:
l Ed i =0,Empl i =1 (θ, X i ) = P (ε 1 < −X ed,i β ed ; −ε 2 < X em,i β em ; W i = X w,i β w + ε 3,i ) = = f (W i ) · P (ε 1 < −X ed,i β ed ; −ε 2 < X em,i β em | W i = X w,i β w + ε 3,i ) = = 1 σ ε 3 φ W i − X w,i β w σ ε 3 ·
In the current study, this part is estimated using the semipar package in STATA (semi-parametric regression estimator of Robinson (1988) ). This non-parametric estimator uses a Gaussian kernel weighted local polynomial fit.
Marginal returns to education are determined as in Heckman et al. (2006) , steps 6-7:
M T E(X = x, u s ) = ∂E(lnW |X, P (Z) = p) ∂p = ( β 1 − β 0 ) · x + ∂H(p) ∂p
The cross-validation method is used to choose the smoothing parameter among the values 0.1÷0.9 (package locreg in STATA: Froelich and Melly (2008) , Froelich and Melly (2010) ). To evaluate the marginal returns to higher education, the evenly spaced points of the set of values p s : 1÷99 centiles of p s are used.
3. The ATE, TT and TUT effects are calculated using formulas (13) and (25), relying on the estimated values of M T E and M T E U to calculate the differences between these effects based on observable and unobservable characteristics. Including sorting on the gains based on observable characteristics (for example, gender) allows for accounting of the fact that E(X|S = 1) = E(X|S = 0) = E(X). The ATE, TT and TUT effects can be calculated according to the following formulas:
where the weights are h AT E (x i , u s ) = 1, h T T (x i , u s ) = P r(P (Z) > u s |X = x i ) 1 0 P r(P (Z) > u s |X = x i ) du s , h T U T (x i , u s ) = P r(P (Z) < u s |X = x i )
